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ABSTRACT

In the context of the increased interest on integrating the complex spatial and temporal response of fluvial sys-
tems to human impacts into the process of assessing the ecological state of the rivers and in promoting a sustain-
able river management European countries have developed a multi-scalar, hierarchical, process based hydro-mor-
phological framework focused on understanding the river functioning and evolution as a basis for interpreting
current conditions. In this context, the goal of this paper is to demonstrate the usefulness of systematic historic
and present day geomorphic analysis along channel reaches with distinct typologies in order to generate a better
image of river morphology as a background for assessing its present morphological state. The historical geo-
morphic analysis of Somesul Mic River's channel dynamics during the past 250 years has shown that the main
controlling factor is climate through its centennial — decadal scale variations in magnitudes and amplitudes of
flood events, while the local geological conditions and hydrotechnical works having subordinate effects. The refer-
ence condition in assessing the present day morphological state of the river was defined based on channel typol-
ogy and dynamics between AD 1860 — AD 1970, reflecting a river state far from a pristine condition, but charac-
terized trough human impacts maintained bellow the river sensitivity to disturbances. The Morphological Quality
Index (MQI) was calculated for 17 distinct channel reaches. Its values indicate the high geomorphic degradation of
the river induced by hydrotechnical interventions along the channel. Very poor conditions are concentrated mainly
along the upper reaches of the river, while further downstream the river is in a dominantly moderate deterioration
state. The resulted image has the potential to better identify the critical reaches along this river, and the main dis-
turbatory elements acting on them, in order to support better projections on possible channel trajectories and
subsequently river management actions.
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1. Introduction

River channelization and diversion, gravel extrac-
tions, groyne and dam constructions are known to
have significant impacts on fluvial forms and pro-
cesses. Some of these interventions have rapid and
perceptible effects on river hydro-morphology and
its social and ecological functions, while others im-
pact rivers decades after construction as a conse-
quence of long term channel adjustments
(Knighton, 1998; Brierley and Fryirs, 2005; Kondolf
and Piégay, 2016).

In the context of the increased interest on inte-
grating the complex spatial and temporal response
of fluvial systems to human impacts into the process
of assessing the ecological state of the rivers and in
promoting a sustainable river management (e.g.
Brierley and Fryirs, 2005; Brierley et al., 2008; Brierley
et al., 2013; Rinaldi et al., 2013 a, b; Rinaldi et al,
2016; Kondolf and Piégay, 2016; Gurnell et al., 2016
a, b) European countries have developed and/or
extended a series of hydro-morphological tools in
order to assess, manage and monitor the ecological
status of rivers (Rinaldi et al., 2017). This process has
been accelerated by the implementation of the EU
Water Framework Directive (WFD; Directive
2000/60/EC) which introduced hydro—morphology
as an important component in the process of as-
sessment and management of river ecosystems. In
the initial approach, hydro—morphological assess-
ment was considered equivalent to physical habitat
survey, used to offer a rapid overview on river sta-
tus. A series of limitations have become evident
(Belletti et al., 2015; Rinaldi et al., 2017), the most
evident ones being related to: a) limited space of
investigation (fixed length of the investigated river
reaches, few hundred meters long) which cannot
offer a good perspective on the context of river
condition and do not permit an accurate diagnosis
on causes of alterations; b) the ambiguous notion of
“reference conditions”, defined based on the statis-
tical analysis of empirical data, not always being
relevant at local scale; and c) the terminology used
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to describe geomorphic units that seemed to lack a
good correspondence with present state—of-the-art
classifications in fluvial geomorphology. Therefore,
in opposition with the physical survey procedure, an
increased tendency to develop frameworks of hy-
dro—morphological approaches and methods which
focus on understanding the river functioning and
evolution as a basis for interpreting current condi-
tions emerged (e.g. Winterbottom, 2000; Liébault
and Piégay, 2001, 2002; Brierley and Fryirs, 2005;
Dufour and Piégay, 2009; Surian and Rinaldi, 2003;
Rinaldi et al., 2003, Rinaldi et al., 2013 a,b). These
perspectives introduced process—based methods
which explicitly take into consideration both spatial
and temporal changes of the investigated river
channels.

In Romania, the present—day monitoring system
("Sistemul de Monitorizare Integratda a Apelor din
Romaénia” — S.M.IAR.) for assessing and classifying
river sectors (“corpuri de apd’) is connected to the
national network of gauging stations, totalizing a
number of ca. 1750 evaluation points. SM.LAR. is
projected to cover the entire diversity of river typol-
ogies defined for the Romanian territory in accord-
ance with the broad river typologies established at
European level, and includes habitat evaluation,
completed by physico—chemical measurements and
hydro-morphological characterization of the se-
lected river sectors. The evaluation process covers
500 m standard river reaches, centered on the
gauging stations. The outcomes of the present
monitoring system are translated in qualificatives on
the quality of river ecosystems and the degree of
river change when compared with a reference con-
dition, defined as "natural conditions'. The rivers are
evaluated with a periodicity of 6 years, the last eval-
uation being included in the National Plan of Water
Management 2016 — 2021 (http.//www.rowater.ro).

The existing studies on spatial and temporal
channel changes in Romanian rivers (e.g. Amariucai,
2000; Radoane and Radoane, 2005; Dumitriu, 2007;
Radoane et al., 2010; Persoiu, 2010; Persoiu and
Radoane, 2011; Ioana Toroimac et al, 2010; Armas
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et al., 2012; Radoane et al., 2013 a, Radoane et al.,
2017) are still limited in temporal and spatial cover-
age. Further, they are not unitary in terms of resolu-
tion and offer different perspectives on channel re-
sponses to various controlling factors (e.g., the ad-
justment of river channels downstream from dams,
the effects of meander cutting and river channel
corrections, the effects of decreasing sediment
loads etc.). Even with this inconvenient, these stud-
ies show that human interventions on the geomor-
phological fluvial systems are responsible for signifi-
cant changes in sediment delivery rates, variability
of riverbed deposits, as well as in the hydrologic
regimes of the present-day channel dynamics, with
large consequences on river ecosystems. However,
none of these indicators are included in the process
physical survey procedures used in the evaluation
and classification of Romanian rivers.

The goal of this paper is to demonstrate the
usefulness of systematic historic and present-day
geomorphic analysis along channel reaches with
distinct typologies in order to obtain a better image
of river morphology as a background for assessing
the ecological state of the rivers and project sus-
tainable management actions. The case study ex-

emplified here is Somesul Mic River, located in NW
Romania that has been heavily impacted by human
activities in the past several decades. Our objectives
are 1) analysis of the general spatial and temporal
patterns of the river's channel over the past ca. 250
years; 2) disentangling the natural and human con-
trols over the river's dynamics; 3) establishment of
the moment and meaning of reference condition
and 4) evaluation of the present-day morphological
status of the river.

2. Study area

Somesul Mic River is a medium size river (100 km
long, QI = 22 m’/s, A = 3774 kmz), formed at Gilau
(presently in the Gildu Reservoir) at the junction of
Somesul Cald and Somesul Rece Rivers, two tribu-
taries draining the northern flank of Apuseni
Mountains. Its upper basin overlaps the high-alti-
tude Apuseni Mountain (Muntele Mare - Gildu
Mountains and Bihor Mountains) and the median
and lower basins are located within the Transylva-
nian Depression (Somesan Plateau, Feleac Hills and
Transylvanian Plain, Fig. 1).
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Figure 1 A — Location of Somesul Mic drainage basin; B — Somesul Mic River: location of the study area along its longitu-
dinal profile; C — Model of longitudinal profile channel patterns alternation as adjustments to local geological conditions,
reference year AD 1860 (I"* Austro-Hungarian military survey). The 42 natural channel reaches were grouped in 17 main
ones, based on their present-day status related to human impact, i.e. reaches completely disturbed from its previous
patterns alternating with those with more local interventions, which partly preserve their natural forms
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The climate of the area is temperate continental,
with mean annual temperatures of 8.4°C and mean
annual rainfall of 582 mm. The main source of dis-
charge (> 50 %) is in the mountainous area (23 % of
the drainage basin). By contrast, the suspended load
is mainly delivered from the hilly area in the middle
and lower parts of the drainage basin, where the
presence of friable rocks and the less protective
vegetation cover favors an increased land suscepti-
bility to erosion (Pandi, 1997).

The lithology of the drainage basin is domi-
nated by sedimentary rocks (80 %), whereby 94 %
are Eocene and Miocene deposits in the hill domain
(limestone, marls, clays, volcanic tuffs). Metamorphic
(crystalline schists) and magmatic (the Gilau Granite,
Paleocene andesite) rocks preferentially located in
the mountainous area, make—-up the remaining 20
%. Two large scale knick points, hundreds of meters
high, are present along the longitudinal profiles of
the two tributaries, imposed by different resistance
to fluvial erosion of the crystalline schists and Gilau
Granite (Posea et al.,, 1974, Ficheux, 1996, Fig. 1). The
drainage basin is completely included in the area of
minimum seismic activity in Romania, with an uplift
rate of 0-1 mm/year in the Apuseni Mountains
(lower in the Transylvanian Depression, Zugravescu
et al., 1998). The vegetation is represented by de-
ciduous forests at low and mid altitudes (230 — 800
m), mixed forests of Fagus and Picea at 800 — 1300
m altitudes, followed by coniferous species at 1300
— 1800 m and subalpine associations over 1800 m.
At lower elevation, the natural vegetation was
largely replaced by agricultural fields.

Somesul Mic River has a 4 km wide and 170 m
deep valley, with 8-9 fragmentary distributed fluvial
terraces (Posea, 1962; Savu, 1964). The floodplain is
well developed with a maximum width of ca. 2 km.
Its main particularities are the frequent change of
the width associated with a complex alternation of
channel types (sinuous — meandering — anabranch-
ing reaches; alluvial and mixed channels) and humid
— dry areas (Persoiu and Radoane, 2011). This com-
plex morphology is imposed by slight vertical dis-
placements (0.1 — 1 mm/year, Zugravescu et al,
1998) with local uplifts and subsidence in the Palae-
ogene domain (Gilau — Cluj-Napoca) and diapiric
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alignments in the Miocene domain (Cluj-Napoca -
Dej) (Ciupagea et al., 1970; Krezsek and Bally, 2016).

3. Human impact

Palaeoenvironmental reconstructions and synthesis
in NE Hungary and NW Romania (e.g. Simegy,
1999; Feurdean and Astalos, 2005; Feurdean et al,,
2013a, b; Feurdean and Tantdu, 2017) attribute the
first signs of agriculture in the Somes drainage area
to early Neolithic communities, approximately 7500
years ago. More continuous and abundant signals
of human impacts on vegetation are associated with
pastoral activities and agriculture during the late
Bronze/early Iron Age (3500 years ago), Roman Age
(2000 years ago), and the onset of Middle Age (the
last 1000 years), with a maximum reduction of nat-
ural deciduous forest assemblages during the last
ca. 500 years. These human induced changes on
drainage basin vegetation composition and struc-
ture had probably notable consequences on sedi-
ment load discharges as reported elsewhere in Eu-
rope (e.g. Hoffmann et al., 2008). Recent data on
palaeofluvial archives from NW Romania attest an
increased vertical aggradation rates of the flood-
plains starting with the Bronze Age along the small
rivers draining Transylvanian Plain (Feurdean et al.,
2013b; Persoiu et al., 2016) and during the last 450
years as reported along the lower Somes Plain
(probably related to intensive Fagus forest exploita-
tion at mid elevations, Robu, 2018).

At local scales, the archeological and historical
findings along the river and in its floodplain perim-
eter show continuous presence of humans since the
Bronze Age (and likely before), with permanent set-
tlements, roads, bridges. The medieval documenta-
tions of mills attest direct human induced deviations
of flows along selected reaches, while local to re-
gional scale channel straightening and drainage of
humid areas are reported starting with the 18"
century.

For more recent times, i.e. the last ca. 150 — 50
years, Romanian rivers were subjected to significant
changes similar to those reported throughout Eu-
rope (Radoane et al., 2017). The main human inter-
ventions with traceable effects on river flow regimes
and morphologies are:
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Regional land use changes triggered by poli-
cy/governance

Massive forest exploitation in the mountainous
catchment areas emerged since the late XIX" cen-
tury (related to the first waves of industrial revolu-
tion); this phenomenon accelerated during the first
decades of the XX century (Munteanu et al., 2014).
After the implementation of the 1921's agricultural
reform (that endowed the local communities with
forests and pastures, Ciomac and Popa — Necsa,
1936), large areas of former forested fields were
replaced by extensive agricultural and pastoral areas
(Giurgiu, 2010). The next important land use
changes occurred since 1950 — 1955, being related
to the large scale collectivization programs and ero-
sion control works, including reforestation (Chirita,
1981). After 1989, the abandonment of a series of
agricultural and pastoral fields was complemented
by deterioration/destruction of many of the previ-
ous erosion control works and a new increase in
forest cover loss in the mountainous areas (Griffiths
et al., 2014; Munteanu et al.,, 2014).

Dams construction

Between 1960 and 1989, approximately 260 large
dams were built along the main Romanian rivers.
They control over 13 billion cubic meters of water,
ca. 1/3 of the total discharge along the fluvial net-
work, and have retained more than 200 million m?
of sediments. In the study area, the most extensive
hydrotechnical interventions were performed be-
tween 1959 and 1983 (Pop, 1996). Sixteen dams
were constructed along Somesul Cald, Somesul
Rece (i.e., Belis — Fantanele, Tarnita and Gilau Lakes)
and Somesul Mic River (Floresti Reservoir). They
have the capacity to retain 84% of the flow dis-
charge, and impose its artificial redistribution
throughout the year. A second important modifica-
tion is the almost complete elimination of floods,
especially after 1983, when Belis — Fantanele Reser-
voir became functional. Sediment trapping behind
the dams induced channel incision along the
Somesul Mic River, Armencea et al. (1980) showing
a 2.5 m incision downstream of Gilau Reservoir
within four years after the construction, while
Serban (2007) have shown a generalized channel

incision along the first 30 km after Gilau, attenuated
downstream and then replaced by aggradation.

An explosive development of micro-hydro-
power stations along the mountainous rivers drain-
ing the Carpathians was recorded during the past
10 years, with a peak between 2008 and 2013, with
a still not well understood impact on local flow re-
gimes and further downstream hydro—morphologi-
cal consequences.

Riverbank protection structures and levees

Local interventions in the humid areas along the
floodplain were already reported during the late
XVII™ century, mainly along the lower reaches of
Somesul Mic. They became more extensive in the
XIX™ century, when desiccations and artificial mean-
der cutoffs were performed in urban areas. The river
bank protection structures and levees were ex-
tended in the Xx™ century (ca. 1950 — 1990, espe-
cially after the large scale 1970-1975 flood events).
Direct interventions along the Somesul Mic River
(bank stabilization, artificial meander cutoffs and
dykes) were made within or adjacent to settlements,
in areas susceptible to high rates of lateral erosion,
avulsion or frequent floods. Between Gilau and
Floresti Reservoirs the flow is diverted through an
artificial channel, while the natural channel is partly
abandoned. In the perimeters of Cluj-Napoca and
Gherla towns, the river is completely channelized.
Dykes and bank stabilization works dominate the
river morphology between Cluj-Napoca and Apa-
hida, while further downstream they are more local
and fragmentary, which give the river a more natu-
ral aspect, characterized by alternation of sinuous
and meandering reaches, and one anabranched
reach (between Rascruci and Bontida).

Gravel extractions

This activity peaked during the communist era
(1970-1989) along the entire Romanian territory,
and diminished considerably after 1989, with a new
increase related to economic developments of the
2000s (Radoane et al., 2017). Along Somesul Mic
River, more than 30 gravel extraction points were
active during the last 40 years, located both in the
channel perimeter and in its near vicinity, and con-
centrated preferentially along the channel reach
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between Gilau and Floresti Lakes and downstream
from Sannicoara (Fig. 1).

No data is available on the volume of extracted
gravels or on the impact of this activity on channel
morphologies and their temporal behavior. How-
ever, similar patterns with the ones reported else-
where along the Romanian rivers (e.g. Moldova, Si-
ret; Radoane and Radoane, 2009) are expected.
These studies reported at least a doubling of vol-
umes extracted during the past 20 years compared
with 1969-1981 period, resulting in channel incision
(1.5 -4 m) and increase of suspended load.

In synthesis, the above mentioned aspects offer
a still incipient image on millennial and historical
human impacts on fluvial network and flow regimes.
But even so, they do attest that “the river, before
the large scale human interventions from the last six
decades, was not in pristine conditions, as the hu-
man imprints on flow regimes and channel mor-
phologies have roots traceable to at least the past
3000 years".

4. History and evolutionary trajectory of
the river morphology

4.1 Materials and methods

The investigations on the spatial and temporal be-
havior of Somesul Mic River is based on seven sets
of cartographic maps and one set of orthophotos,
with the years AD 1764, AD 1860, AD 1890, AD
1945, AD 1956, AD 1970, AD 1977 and AD 2005 as
reference moments (Table 1). The materials covering
the last ca. 150 years were used to provide succes-
sive morphometric measurements along the longi-
tudinal profile of the following parameters: flood-
plain width and number of channels; and, along the
unique/main channels, measurements of length,
sinuosity, radius of curvature (Rc) in the meander
bents, bank elevation and bankfull channel width
and slopes. With the exception of Rc, determined
from the circumscribed circles of the considered
meander bents, the measurements were performed
at the intersection points along the 250 m spaced
cross sections on the central axis of the floodplains
with the central axis of the main/unique channels.
Further, we defined channel reaches with distinct
planform typologies, using AD 1860 as reference
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moment. Additional information on present-day
channel and floodplain characteristics (field surveys),
historical channel planform behavior (visualization
of planform river changes during the past 250 years)
and available data on local geological conditions
(geological maps, hydrogeological investigations)
were used to establish the limits between successive
channel reaches (Figs. 1, 5).

Flow regimes before AD 1974 (Anitan, 1974),
together with measurements on unique/main chan-
nel bankfull slopes and bankfull widths for the AD
1970 reference moment, and GIS based estimated
on drainage basin surfaces associated to each con-
sidered channel reach were used to generate spe-
cific stream power (W/m?) at bankfull flow, (Table 2,
Fig. 6), using the following formula:

sSP = pgQ1s5/w M

where,

p = density of water (1000 kg/m?),

g = acceleration due to gravity (9.81 m/s?),
Q15 = bankfull discharge (m’/s),

S = bankfull channel slope (m/km),

w = bankfull channel width (m).

Bankfull discharge (Q1s) is defined as being the
maximum discharge that the channel can convey
without overflowing onto the floodplain, and is de-
fined to be the channel forming discharge in alluvial
rivers, with a general recurrence interval of 1.5 years
(Leopold et al. 1964; Knighton, 1998). Its estimates
at the four gauging stations along Somesul Mic
River (Gildu, Cluj-Napoca, Apahida, and Salatiu)
were represented in relation with their correspond-
ing drainage surfaces. The resulting relation was
further used to extrapolate the bankfull discharge
values for each of the 42 considered reaches, by
projecting the known values of their equivalent
drainage surfaces (GIS estimates) on the resulting
curve.

Bankfull channel slope and width were esti-
mated for the unique/main channel. Slope (S) was
obtained from the difference in elevation between
the two extremes of the considered channel reach
(indicated on map at the channel bank level or in-
terpolated from two successive values, at the same
level) and the corresponding channel length, meas-
ured along central axis of the channel. Bankfull
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channel widths (w) were measured in successive
cross sections on the central axis of the floodplain.
In equation (1), w was introduced as the median
values of channel width at channel reach scale.
More details on the methodologies of measure-

ments, together with a full description on historical
channel dynamics of Somesul Mic River are given in
Persoiu, 2010, Persoiu and Radoane, 2011, and
Radoane et al.,, 2013b.

Table 1 Summary of the cartographic supports used in this study

Map

Projection

The First Austro-Hungarian

Military Survey (Institute of

Military Geography, Vienna,
Austria)

The Second Austro-
Hungarian

Military Survey (Institute of

Military Geography, Vienna,
Austria)

The Third Austro-Hungarian

Military Survey (Institute of

Military Geography, Vienna,
Austria)

Topographic maps (Romanian
Military Topographic Service,
Bucharest)

Topographic plans (Institute
of Geodesy, Photogrammetry,
Cartography and Territorial
Planning, Bucharest, Romania)

Topographic maps (Military
Topographic Department,
MApPN, Romania)

Orthophotos (National
Agency
for Cadaster and Land
Registration, Bucharest,
Romania)

Google Earth

Cassini-Soldner
projection,
Zach-Oriani
Ellipsoid

Tg. Mures stereo
projection,
Besel 1841 Ellipsoid

Gauss—Kruger
projection,
Pulkovo 1942
Ellipsoid
Stereo 70

projection,
Krasovschi Ellipsoid

Gauss—Kruger
projection,
Pulkovo 1942
Ellipsoid

Stereo 70

projection,
Krasovschi Ellipsoid

WGS 1984

Reference
Topographic Edition  Scale Map. year con-
survey resolution sidered in
this study
1763-1773 . ) Not geo-
1785/1787* 1787 1:28.800 referenced 1764
1869- .
1859-1860 1870 1:28 800 4 m/pixel 1860
1869-1884 118991%_ 1:25000 2 m/pixel 1884
Field survey:
1908-1914 :
Aerophotos: 1957  1:25000 2 m/pixel 1956
1956
Aerophotos:
1968-1976 1971- 04
Field survey: 1979 1:5000 m/pixel 1970
1970-1977
1978- .
1977 1979 1:25000 2 m/pixel 1977
2005 - 1:5000 O',S 2005
m/pixel
Google
2017 -
- - - Earth Pata 2019
Repository

4.2 Temporal trends in channel planform be-

havior

During the last ca. 150 years, the considered chan-
nel planform morphometry reveals a general ten-
dency of channel narrowing, channel planform sim-

plification and an increased planform stability with
some opposite tendencies at decadal scales: in-
crease of sinuosity between AD 1860 — AD1890,
followed by decrease during AD 1890 — AD 1956,
and a slight recovery during AD 1977 — AD 2005

(Fig. 3).
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Figure 2 Longitudinal profile variability in the morphom-
etry of Somesul Mic River and its floodplain (reference
years: AD 1860 and AD 1970), revealed by systematic

measurements in 250 m successive floodplain cross sec-
tions and at meander bend scale. It attests a complex

spatial succession of unique and anabranching channels,
with frequent slope changes, overlapped on frequent
narrowing and widening of the floodplain. The main cause
for this spatial behavior is attributed to the local geologi-
cal (structural, tectonic) conditions

The impact of direct human interventions before
1970’s is maintained at local scale, without evident
correspondences in the general patterns of the con-
sidered morphometric parameters. There are no yet
good understanding on the impact of the land use
politics from the last decades of the XIX™ century
and the first decades of the XX" century on sedi-
ment discharges along the main collector. However,
the existing synthesis on sediment budgets and rate
of soil erosion on Romanian territory, suggest that
the maximum impacts were recorded in the hilly
domains and the resulting sediment supplies were
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preferentially preserved along the small tributaries
draining these areas (Dumitriu et al., 2017).

Starting with AD 1977, the human induced
changes in the channel morphologies became
dominant between Gilau and Apahida: two lakes
(Gilau, Floresti) and the artificial channel between
them replaced the previous channel reaches, ana-
branching reaches disappeared, and the river was
straightened trough meander cutoffs and bank
protection measures. Further downstream (e.g. Jucu,
Iclod, Ghela, Manastirea, Figs. 1, 3), these interven-
tions were smaller, the natural aspect of the channel
being preserved.

On this background, the slight tendency to me-
andering recorded during AD 1977 — AD 2005 re-
flects local meander developments along non-ad-
justed channel reaches susceptible to meandering, a
process sustained also by the complete elimination
of floods after AD 1983. The bankfull channel width
followed a similar decreasing trend, generalized
along the entire length of the river. This tendency is
confirmed by the successive measurements on
channel cross sections at the four gauging stations
distributed along the river (Serban, 2007). However,
these data support a limited impact of dams on
channel incision, with attenuation in the first 30 km
downstream from Gildu Reservoir (Serban, 2007).

The channel planform dynamics of the past 100
years detailed above was limited compared to those
occurring during the previous 100 years (AD 1764
vs. AD 1860 reference years, qualitative estimates)
(Fig. 4). These differences suggest a dominating
centennial scale climate control on channel platform
behavior, According to Persoiu and Radoane (2011)
and Persoiu and Persoiu (2019), the cold and humid
decades of the late XvII™ century (the end of the
Little Ice Age), characterized by an increased fre-
quency and magnitude of flood events during AD
1764 — AD 1860, are probably responsible for local
avulsions/channel repositioning and cutoffs of pre-
vious well-developed meanders, while the ensuing
warmer and drier period, with less frequent flood
events, favored the development of new genera-
tions of meanders along the AD 1860 configured
channels.
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ated with development of meanders along the downstream half of the river. The following phase mark an opposite ten-
dency, up to AD 1970, and reflect mainly the channel shortening along the meandering reaches, both as consequences

of natural and artificial cutoffs. The increased channel planform stability after AD 1970 is mainly caused by human inter-
ventions along the channel. Local meanders, developed during AD 1977 — AD 2005, are visible in the small scale varia-

tions of the two morphometric parameters, subordinated to the general tendencies
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Based on these observations, in the absence of
evidences regarding important human induced
changes on sedimentary budgets and load regimes
during the last ca. 150 years, the main control on
general temporal channel planform trends is cli-
mate, through its centennial — decadal scale varia-
tions in magnitudes and amplitudes of flood events.
Most relevant at local scale, conditioning the chan-
nel typologies and associated mechanisms of plan-
form and vertical channel adjustments to changes,
the local geological conditions and hydro technical
works have subordinate effects, translated in prefer-
ential locations of meandering and cutoffs, avulsion
nodes and associated multichannel flows, or long
term stability along natural or artificially induces
sinuous channels.

4.3 Reference condition, boundary condition,
and channel sensitivity vs. channel resilience to
disturbances

The local geological conditions were found respon-
sible for the complexity of channel typologies, being
identified 42 relatively short (hundreds of meter —
kilometers long) channel reaches of different typol-
ogies, translated in long profile variety of alluvial
and mixed channel types, with sinuous, meandering
or anabranching planform patterns. At historical
scale, this geological conditioning is further re-
flected in preferential locations of meandering and
cutoffs, avulsion nodes and associated multichannel/
flows, or long term stability along sinuous channel
reaches (Figs. 2, 5, 6).

The obtained sSP estimates for natural flow re-
gime are considered here as a rough guide of river
energy and its long profile variations. They most
probably reflect minimum values for mixed/"in rock”
channel reaches, or the anabranching ones. Further
improvements should be obtained based on the
data provided by detailed hydrological measure-
ments and morphological field surveys before the
human induced flow regime.

With these known shortcomings, the long profile
distribution of sSP is interpreted to reflect the local
geologic conditioning on flow organization, with
lower values associated to the alluvial reaches along
local scale subsidence basins (here the floodplain
vertical aggradation is the dominant process), and
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increased values along reaches were the valley
bottom rocks are exposed in the river bed and its
banks, as the river sectioned the entire sedimentary
sequence of the floodplain, or intersect uplifting
tectonic structures.

The quantitative relations between a series of
hydro-morphometric parameters (bankfull slope,
specific stream power, sinuosity, anabranching in-
dex), highlight several aspects of the spatial organi-
zation of flow along this particular river: (a) de-
creases of slope and specific stream power in the
downstream direction and from 'bedrock’ to mixed
and alluvial reaches; (b) normal relation between
slope and single-thread channel planform behavior,
even if the alluvial and mixed types evolves at diff-
erent energetic levels; (c) a good “memory” of the
initial planform configurations, even if the historical
planform configuration could indicate different
channel types (e.g. a previous meandering channel,
imposed on a diapiric anticline, appears now as a
sinuous reach, a state reflecting the advanced phase
of reach evolution in the local geological context);
(d) superposition of anabranching reaches on the
sinuous—-meandering ranges, as responses of the
river to local conditions; (e) for the mixed type
reaches, the rock—alluvium proportion in the chann-
el cross—section seems to be the main control for
the channel type (a higher proportion of rock will
impose sinuous or sinuous anabranching reaches
and an increase of alluvium will favor lateral mean-
dering along the single-thread channel reaches as
well as the anabranching ones) (Persoiu and
Radoane, 2011).

The post 1970's human induced artificial flow
regimes and changes in local slopes, as the ana-
branching and part of meandering reaches were
replaced by sinuous ones, together with the contin-
uing tendency of channel narrowing and incision,
are expected to be reflected in different values of
specific steam power, especially along the first 30
km of the river, with possible translations in the
above mentioned boundary conditions. Therefore,
the reference period for assessing the present-day
morphological state of the river is considered to be
the interval AD 1860 — AD 1970, with AD 1970 as
reference period for estimating the boundary con-
ditions in “natural” context, as it reflects the last
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morphological channel configurations before the
large scale hydrotechnical works along the rivers
and in the catchment areas for which are available
detailed morphometric (topographic maps, scale
1:5000) and flow regime estimates (decadal scale
measurements at gauging stations). As many local
interventions were already reported along the river
starting with the XVII™ century, it is evident that the
considered reference interval in assessing the pre-
sent—day state of the river is not a real natural one.
A more proper definition of the proposed reference
condition is a river state in which the human im-
pacts are maintained bellow the river sensitivity to
disturbances.

5. Present day morphological state of the
river

The Morphological Quality Index (MQI) is a tool de-
signed to assess, classify and monitor the current
morphological state of the rivers (Rinaldi et al,
2013a, Rinaldi et al., 2017). The procedure is a quali-

tative one, consisting in 28 indicators selected to
assess the longitudinal and lateral channel continu-
ity, its planform pattern, cross section configuration,
bed structure and substrate, and vegetation in the
riparian corridor. They are grouped in three distinct
categories: geomorphological functionality, artifici-
ality and channel adjustments. The resulting scoring,
based on expert judgment, leads in the end to the
definition of the MQI. The obtained values of this
index are in the range of 1 to 0. According to Rinaldi
(2013), MQI = 1 should reflect river morphological
state defined by , i) full functionality of geomorphic
processes along the reach; ii) the absence or negli-
gible presence of artificial elements along the reach
and to some extent (in terms of flow and sediment
fluxes) in the catchment; iii) and the absence of sig-
nificant channel adjustments (configuration, width,
bed elevation) over a temporal frame of about 100
years”, while MQI = 0 corresponds to minimum
quality.

AD 1764 - Floresti

AD 1860 - Florest

Figure 4 Examples of channel planform changes between AD 1764 and AD 1884: Floresti: from a previous sinuous con-
figuration, the channel became meandering; Someseni (Cluj-Napoca): planform reconfiguration of the anabranching
channel reach
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In the case of Somesul Mic River, the process of
channel segmentation for assessing its present—day
morphologic state (reference period: AD 2015 -
2019) has considered the distribution of human in-
duces structures along the longitudinal profile (lake,
artificial channel, bank protections, meander cutoffs,
levees), or, by contrast, their absence and domi-
nance of a more ,natural” pattern. We distinguished
17 distinct channel reaches (Table 2 and Fig. 1, Fig.
5). The reference conditions reflect here the channel
planform typology as defined at historical scale (AD
1860 — AD 1970) and the boundary conditions indi-

de Geomorfologie 21 (2019)

cated by specific stream power estimates at AD
1970.

The MQI values (Fig. 7) indicate the high geo-
morphic degradation of the river induced by the last
decadal hydrotechnical interventions along the
channel. This finding is in agreement with the poor
condition attributed to the river in the National Plan
of Water Management 2016 - 2021. The new
emerging image attests a further more complex sit-
uation in the longitudinal profile. Very poor condi-
tions are concentrated mainly along the first ca. 30
km, while further downstream the river is in a domi-
nating moderate deterioration state.

LEGEND
L..XIV

"in rock” channel reach mixed channel reach

floodplain
Somesul Mic River at different reference years
[ ca 1764 AD
™~ ca.1860 AD
¢ ca. 1941 AD
™"~  present day

Vil
17 18

Vil

19

limits of the 17 channel reaches, identified for the present day moment

limits of the 42 channel reaches identified at historical scale
alluvial channel reach

Jucu de Mijlac o

X <

10 km

Figure 5 Long profile distribution of the 42 distinct channel reaches identified at historical scale (reference pe-
riod: AD 1860 — AD 1970), and the corresponding 17 channel reaches reflecting the present—day river state, in terms of
the degree of human impact on hydro-morphological conditions of the river
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Table 2 Channel typologies before large scale human interventions vs. present-day channel types and their
Morphological Quality Index (MQI)

Reference locality Channel reaches at historical scale Present day channel reaches
(AD 1860 - AD 1970) (AD 1977... AD 2019)
Channel sSP Channel MQI
Code typology (W/m?) Code typology asses:lznent
R1 S, alluvial ? RI Gilau Lake 0
Gilau R2 S, mixed 31.12 RII S, mixed 0.2
R3 As, mixed 57.34
R4 S, mixed 29.04
R5 M, mixed 31.61
R6 As, mixed 30.04 RIII Floresti Lake 0
Floresti R7 S, mixed 40.27 RIV S, mixed 0.37
R8 M, mixed 46.66
R9 M, alluvial 43.02 RV M, alluvial 0.45
Cluj-Napoca R10 S. mixed 50.51 R VI S, mixed 0.09
R11 S, mixed 64.18
R12 As, mixed 44,35
R13 S, mixed 35.58
R14 S, mixed 102.89
R15 S, mixed 31.09
Someseni (Cluj— R16 S, mixed 68.79 R VII S, mixed 0.25
Napoca) R17 Am, mixed 45.32
R18 M, alluvial 31.01
The International R19 Am, mixed 20.03 R VIII S, mixed 0.14
Aeroport
R20 S, alluvial 6.39 RIX S, mixed 0.40
Sannicoara R21 M, mixed 19.95
Apahida R22 Am, mixed 76.97 R X S, mixed 0.29
R23 M (Am), 37.31 R IX S with local 0.62
Jucu de Mijloc alluvial meanders, mixed
R24 As, mixed 4334
R25 S, mixed 33.21
R26 M, mixed 46.32 R XII Unchanged 0.30
Bontida R27 Am, alluvial 29.21
R28 As, mixed? 17.73
R29 S, mixed 2417 R XIII S with local 0.62
R30 M, mixed 50.49 meanders, mixed
Iclod R31 Am, mixed 20.69
R32 S, mixed 17.69
R33 M, mixed 37.20
Gherla R34 Am, mixed 37.76 R X1V S, mixed 0.17
R35 M (Am), 46.38
alluvial
R36 M, alluvial 30.01 R XV Unchanged 0.50
R37 S, alluvial 24.82
R38 M, alluvial 11.89
Petresti R39 Am, alluvial 15.41 R XVI S, alluvial 0.64
R40 M, alluvial 15.58 R XVII Unchanged 0.37
Salatiu R41 S, mixed 50.18
Dej R42 M, alluvial 17.72
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Figure 6 Bankfull slope vs. specific stream power along 42 distinct channel reaches identified at historical scale, before
large scale human interventions (reference year: AD 1970, estimates along the unique/main channel)
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Figure 7 The Morphological Quality Index (MQ]) in 17 distinct channel reaches along Somesul Mic River, reflecting
long profile distribution of present-day human induces structures (lake, artificial channel, bank protections, meander
cutoffs, levees), or, by contrast, their absence and dominance of a more ,natural” pattern. MQI interpretation: 0-0.3: bad;
0.3-0.5: poor; 0.5 — 0.7: moderate; 0.7 / 0.85: good; 0.85 — 1: high

The main causes of disturbances vary from case
to case. In the upper reaches of the river, between
Gilau and Floresti, the artificial diversion of flow and
the presence of the two lakes highly influenced the
flow regime along Reach II (R II). The decrease of
water and sediment discharges downstream of the
dams favored the development of riparian vegeta-
tion. A deltaic formation is present at the entrance
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of the river in Floresti Lake. Gravel extractions and
bank consolidations are responsible for local scale
changes in the channel morphology. Downstream
from Floresti Lake, after an artificially channelized
portion (R II), the river passes a short reach where
the historical pattern is conserved (R IV), and where
human interventions are reduced to levees along
the two banks. The next portion corresponds with
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the most deteriorated part of the river, both in
terms of aggressiveness (channel straightening,
bank consolidations, crossing structures, levees) and
affected channel length, and is superimposed on
the most developed urban area along the valley,
between Cluj-Napoca and Apahida. Intercalated
small scale reaches (R VII, R IX) show tendencies of
returning to a natural state, few decades after the
local hydrotechnical ~ works  and gravel
extractions,reflected in the development of riparian
vegetation, development of mid-channel islands,
and local meandering. Downstream from Apahida
(R IX — XVII) the hydrotechnical interventions are
further more dispersed and of lower impact. A series
of artificial cutoffs and levees are meant to protect
local villages at Jucu, Iclod, Petresti, and Gherla city,
with the most extensive ones along R XIV (Fig. 7).
They are responsible for the elimination of ana-
branching reaches recorded in the past at Iclod,
Gherla and Petresti, and of some of the well-devel-
oped meander bents active before 1970’s, but as in
general, with the exception of Gherla, they do not
impose river segmentation and dramatic changes in
the historical river typologies. More visible impacts
are related to the gravel extraction sites (some of
them already abandoned), located both along the
channel and in the near vicinity and associated with
local changes in planform/cross—section channel
morphologies, and floodplain land use practices,
responsible for narrowing and deterioration of the
riverine vegetation belt.

6. Conclusions

The goal of this paper was to demonstrate the use-
fulness of systematic historic and present-day geo-
morphic analysis along channel reaches with distinct
typologies, part of a multi-scalar, hierarchical, pro-
cess based hydro—morphological framework fo-
cused on understanding river functioning and evo-
lution in interpreting current conditions, as an alter-
native to physical survey procedures promoted to-
day in the evaluation and classification of the Ro-
manian rivers.

It brings to attention the better perspective on
processes, mechanisms and controls acting on a
river obtained through a systematic investigation of
channel historical behavior, in particular for periods

of time when human interventions were more iso-
lated and of lower intensities that in the present,
with relevant insights on aspects as channel evolu-
tionary trajectories, previous boundary conditions,
sensitivities and resilience, at different scales of
space and time. All these elements will further per-
mit to establish a relevant interval of time for refer-
ence conditions, together with its meanings in terms
of river naturalness, needed to assess the present-
day geomorphic state of the river.

In this context, the historical perspective on
channel planform dynamics of Somesul Mic River
highlights the main role played by centennial and
decadal flood patterns (their magnitudes, frequen-
cies) in the ca. 250 years temporal trends of channel
behavior. On this background, the local geological
conditions are responsible for a complex long pro-
file succession of channel typologies, which further
on sustain local tendencies to stability, meandering
or avulsion.

In terms of recent human impact, the hydro-
technical interventions along the river are concen-
trated along the first ca. 30 km of it, leading to
channel straightening, narrowing and incision and
more localized further downstream. By comparison,
gravel extractions activities are more frequent along
the lower half of it (the downstream part of it), and
impose significant local changes in the spatial and
cross section morphology of the channel, even long
time after their abandonments. Agricultural prac-
tices in the floodplain perimeter are the third im-
portant disturbing elements, responsible for deteri-
oration of the riparian vegetation belt, in terms of
size and structure, and is frequently associated with
local active bank erosion processes. The cumulative
effects of these local scale human disturbances im-
pose the present morphological state of the river,
when compared with a reference condition defined
as reflecting channel hydro-morphological charac-
teristics between AD 1860 and AD 1970: dominant
bad to poor conditions between Gilau and Apahida,
and some moderate ones between Apahida and
Dej.

The resulted image, characterized by an in-
creased resolution when compared with the existing
ones, has the potential to better identify the critical
reaches along this river, and the main disturbing

73



PERSOIU and HOSU / Revista de Geomorfologie 21 (2019)

elements acting on them in order to support and
increase in the quality of projections on possible
channel trajectories, and of the proposed river man-
agement actions.
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